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本论文研究了 Pd 及 Pd 基颗粒膜作为直接甲酸燃料电池阳极催化剂的催化性能，




有的样品中，Pd-20 at.% Co 的电化学活性表面积达到 50.4 cm2 g-1，且具有最大的
甲酸电化学氧化电流密度（28.2 mA cm-2），表现出最佳的催化性能。 
本文同时还研究了不同组分 Ni-Mo 及 Mo-Co 纳米粒子催化剂的物相及催化
性能。研究表明，适当含量的 Mo 和 Co 可以显著降低 Ni-Mo 和 Mo-Co 纳米粒
子催化剂催化电解水析氢反应的过电压，拥有良好的催化活性和催化剂寿命。
Mo 含量为 50%的 Ni-Mo 纳米粒子颗粒膜在电解水析氢电流密度为 20 mA cm-2
时具有最小的过电压（0.205 V），且循环后过电压仅增大 0.04 V；Co 含量为 40%
的 Co-Mo 纳米粒子颗粒膜在电解水析氢电流密度为 20 mA cm-2 时具有最小的过




















During the development of the society, the demand for energy, especially fossil 
energy is growing rapidly. But as a non-renewable resource, serious problems of 
environmental pollution and giant gap between supply and demand, always accompany 
in the process of use of fossil energy. So hydrogen and fuel cells as a new green energy, 
have long-term prospects and research significance. Amog them, direct formic acid fuel 
cells (DFAFC) and hydrogen evolution reaction (HER) as key analytical technologys, 
have get a great attention and a considerable development. However, currently the used 
Pt and Pt-based nano catalysts are high cost, low activity and short life, which still 
hinder their further commercialize applications. 
In this paper, an advanced physical method called plasma-gas-condensation method 
was applied to prepare nanoparticles catalysts. The components, size and dispersion of 
as-prepared catalysts are fully controllable. Compared to traditional chemical method 
of preparation, the preocess is under a high vacuum environment and without any 
ingredients, which lead to an extremely clean stacked self-assembled granular films 
with high porosity. In this thesis, Pd and Pd-based granular films as a formic acid 
oxidation catalysts and Ni-Mo, Mo-Co granular films as water electrolysis hydrogen 
evolution reaction catalysts were prepared and investgated, respectively. 
The results show that the as-prepared Pd nanoparticles have a high electrochemical 
activity surface area and formic acid oxidation current density, also a higher catalyst 
life. Besides, Co was proved to be able to enhance the catalytic activity and anti-
poisioning ability of Pd-Co catalysts by "bi-functional mechanism". Wherein the Pd - 
20 at% Co granular film exhibits great electrocatalytic activities including a large 
electrochemical surface area (50.4 cm2 g-1), a high current density peak of formic acid 
oxidation (28.2 mA cm-2), which means excellent catalytic performance. 
This article also explores the structure and the catalytic properties of Ni-Mo and 

















appropriate content of Mo and Co in Ni-Mo and Mo-Co nanoparticle catalysts 
respectively, can significantly reduce the overpotential for water electrolysis hydrogen 
evolution reaction, thus great catalytic activity and catalyst life should be expected. 
Wherein Ni-50 at% Mo catalyst shows a minimum overvoltage (0.205V), while the 
current density of water electrolysis hydrogen evolution reaction is 20mA cm-2, and the 
overpotential only increased 0.04V after cycling; And Mo-40 at% Co catalyst shows a 
minimum overvoltage (0.232V), while the current density of water electrolysis 
hydrogen evolution reaction is 20mA cm-2, and the overpotential only increased 0.03V 
after cycling. 
 



























































































  图 1.1 燃料电池基本结构图 









阳极： −+ +→ eHH 442 2 ； VE 000.0





122 →++ −+ 2； VE 229.10 =  
iii）总的反应式如下： 
总反应式: OHOH 222 22 →+ ； VE 229.1






















化效率在 45% ~ 60%高于核电 30% ~ 40%的效率[17]。 
ii）环境友好：燃料电池的燃料转化方式无需燃烧，不产生 NOx 及 SOx 等污
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